The recoveries of gold from thiourea leach solutions of Cimanggu-type ore using lead cementation and carbon adsorption were found to be around 50%. A series of lead cementation and carbon adsorption experiments of laboratory scale was set up to improve the gold recovery. The effect of deaeration on gold recoveries in thiourea system was investigated. The study revealed that the reversed effect of dissolved oxygen on gold recovery in thiourea system is observed, as compared with the cyanide system. While recovery of gold from aurocyanide complex solution by cementation is improved under deaerated condition, gold recovery is decreased when deaeration is applied to the thiourea system. Meanwhile, recovery of gold from thiourea complex solution is increased as deaeration is performed during carbon adsorption, which is practised under atmospheric pressure in cyanide system. Under deaerated condition, gold recoveries of 73% and 29% are achieved using carbon adsorption and lead cementation, respectively. A gold recovery of 81% is obtained when a longer retention time (= 4 hours) is applied to the carbon adsorption process. The proposed mechanisms for both processes are described.
INTRODUCTION
The world gold production has primarily come from a hydrometallurgical route utilizing cyanide lixiviant.
Cyanidation has been practiced since a century ago. There were two alternatives in the recovery of gold from cyanide leach solution, i.e. zinc cementation and carbon adsorption. It appeared that the modified zinc cementation or the so-called Merrill-Crowe process had long been known as the standard method to recover gold from cyanide solution. However, there was a renewed interest in the application of carbon adsorption. And since 1980 the modified carbon adsorption process, known as carbon-in-pulp (CIP) or carbon-in-leach (CIL), has gain its popularity, replacing the Merrill-Crowe process.
Due to the disadvantages of cyanidation, such as slow leaching rate, interference by other metal ions, and particularly environmental problem (Chen, et al., 1980; Pyper and Hendrix, 1981) , alternative lixiviants have intensively been investigated. Thiourea seems to be a potential substitute for cyanide, especially in the area(s) of highly concerned environment (Wen, 1982) .
Thiourea leaching in acidic solution or acidothioureation has been tried to be applied on Indonesia's gold ores, particularly those of Jampang Experimental Mine, West Java (Wakamatsu et al., 1986; Ardiwilaga, 1989). The recoveries of gold from thiourea leach solutions using carbon adsorption (Ardiwilaga, 1991) and cementation (Ardiwilaga et al., 1994) have also been studied. The effects of various parameters were reported, and the combined process, either acidothioureation-carbon adsorption or acidothioureation-cementation, was in favour of leaching conditions of low concentrations of thiourea (10 g/l), sulfuric acid (4.9 g/1), ferric ion (1 g/l), and in the absence of sulfurdioxide. However, both carbon adsorption and cementation exhibited low gold recoveries, around 50%, provided that coconut-shell activated carbons of -32+60 mesh and lead (powder) cementant were used. In order to ygen is reduced leading to the production of hydroxide ions and the formation of a layer at a cathode surface with a higher pH than the bulk solution due to reaction: Since the oxygen reduction in either reaction (4) or (5) is occurring in alkaline environment (Pletcher and Sotiropolous, 1995), the cathodic reaction of oxygen reduction is the case for cyanide system, in which the cementation is operated in alkaline environment. The hydroxide ions produced by oxygen reduction are sufficient to produce an alkaline environment close to the surface which determines the potential for H adsorption (Pletcher and Sotiropolous, 1994). The oxygen reduction (reaction (4) or (5)) and the hydrogen adsorption (reaction (6) and (7)) seems to retard the cementation process in cyanide system. On the contrary, the lead cementation in thiourea system is performed in acidic environment. The gold recovery is lowered when deaeration is applied. If hydroxide ions are added, by adjusting the pH from natural pH (=1.67) to pH 2.5, the gold recovery is also reduced. The oxidation reactions (8) and (9) (Table 1 indicates a gold recovery of 73% Au at 1 hour and 81% at 4 hours).
Furthermore, when the natural pH of the leach solution is adjusted to about 2.5, the gold recovery drops to 30% Au under a deaerated condition (see Table 1 ).
The observed data indicate that gold recoveries from thiourea leach solutions using carbon adsorption are improved under deaerated conditions, while pH is maintained at the natural pH. This phenomenon is quite different as * Products of leaching of ore which were conducted at a certain predetermined leaching conditions. A = at natural pH; B = pH was adjusted to 2.49.
Mechanism
Since gold thiourea and gold cyanide complexes are ad- 
CONCLUSIONS
From the discussion mentioned above it can be concluded that:
1. The gold recovery from thiourea leach solution using cementation process decreases from 42% to 29% as deaeration is performed in the reactor. The cementation process is likely to be in favour of hydrogen desorption and oxygen adsorption at the surface of cemented gold, while natural pH is being performed. 2. The gold recovery from thiourea leach solution using carbon adsorption increases from 52% to 73% (in 1 hour) or 81% (in 4 hours) as the process is conducted on deaerated leach solution. The surface of activated carbons seems to have adsorption sites of negative and positive surface charges. Deaeration produces a large negative surface charge.
